Soil extracellular enzyme activities and associated enzymatic stoichiometry are considered 3 indicators to nutrients availability and microbial substrate limitation. However, many of current studies 4 have been focusing on upper most soil layer with a single enzyme as represent, leading to critical 5 uncertainties in understanding the nutrient availability in deeper soils. In this study, we investigated 6 C-, N-and P-acquiring enzyme activities and microbial C, N and P limitation across a range of soil 7 layers (0 -10, 10 -20, 20 -40 and 40 -60 cm) in a natural secondary evergreen broad-leaved forest 8 and a Chinese fir (Cunninghamia lanceolata) plantation forest in subtropical China. Our results 9 showed that the two typical subtropical forests are commonly co-limited by C and P at all soil depths, 10 but not N. The study found that microbial C and P limitation fluctuated along soil depth, and that 11 higher N was demanded by microbes in soil under 20 cm in the two forests. Our results highlight the 12 asymmetrical patterns of microbial nutrient limitation along the whole soil profile, and provide 13 important information in understanding nutrient limitations in deeper soils. It is feasible to explicitly 14 incorporate this vertical asymmetrical nutrient limitation patterns into future research priority.
aminopeptidase (LAP), while P acquisition was showed as acid phosphatase (AP) activity. The All assayed parameters were reported as means ± standard errors (SE). One-way ANOVA followed 129 by LSD test was used to determine the significance of enzyme activities and soil enzyme stoichiometry 130 among the soil depths in each type of the two forests. Natural-log data transformations were used to 131 meet the assumption of normality and homoscedasticity. All statistical analyses were done by SPSS v The following three approaches were used to examine microbial resource acquisition. The first was 136 based on the method of Hill [22] to draw scatter plot of enzymatic stoichiometry, with Enzyme N/ 137 Enzyme P as x axis and Enzyme C/ Enzyme N as y axis. Different resource constraints (N limitation, 138 P limitation, C&P limitation and N&P limitation) were shown in four district respectively. The second 139 approach was based on enzyme ratios of C:P and N:P. Lower enzyme C:P and N:P ratios are suggestive 140 of a degree of P limitation [4] . The third approach was vector analysis proposed by Moorhead [24] . 141 Vector L (unitless) = (1) Results from mixed linear model showed that soil depth significantly influenced Enzyme C, N and 150 P acquisition, while the interactions of forest type × soil depth significantly affected enzyme C (Table   151 1; P<0.05). From the soil depths of 0-10 cm to 40-60 cm, the mean activities of C, N, and P acquisition 152 enzymes decreased by 64%, 48%, and 76%, respectively ( Fig.1 ). There were no remarkable in NSF at 0-10 cm soil depth was significantly higher than that in CPF ( Fig.1 ).
156
For NSF, C-and N-acquiring enzyme activities had the same distribution trend that surface soil (0- Fig. 1 . Variations of C, N and P acquiring enzyme activities at different soil depths of the natural secondary forest (NSF) and Chinese fir plantation forest (CPF). Statistically significant differences were assumed at P <0.05. All values are presented as mean ± standard error with 3 replicates. Capital letters show the significant difference between the two forests at the same soil depth, and the different lower cases reflect the significant difference between soil depths within one forest.
Fig. 2.
Comparisons of enzymatic stoichiometry at the 0-60 cm soil depth of the natural secondary forest (NSF) and Chinese fir plantation forest (CPF). All values are presented as mean ± standard error. "*" indicates a significance at a P <0.05 level. Fig. 3 . Variations of enzymatic stoichiometry at different soil depths of the natural secondary forest (NSF) and Chinese fir plantation forest (CPF). Capital letters mean the significant difference between the two forests at the same soil depth, and the different lower cases reflect the significant difference between soil depths within one forest. All values are presented as mean ± standard error with 3 replicates. 
